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Abstract 
The percentage of people over 60 years increased from 8.6% in 2000 to 10.8% at Brazilian population in 2010. In 78 cities of 
Brazil this portion of citizens already represents 20% of the total population. In this context, fall is one of the most serious 
problem of aging process, and it is being recognized as an important public health issue because it is considered a major source 
cause of disability to older adults. This is a matter of concerning to older people because can lead to physical handicap and loss 
of independence. The purpose of this paper is to present a 3D digital interactive environment to work with 3D digital human 
models applied to aging study. The 3D interactive platform framework involved: first step - scanning older adults and caregivers 
at a 3D Whole Body scanner and captured caregivers motions using 17 inertial sensors from XSENS Technology; second step- 
3D modeling and simulation  - scans and motion data are incorporated to virtual environment; third step - study reports and e-
book. The conclusion are: the simulation will assure more democratic visualization and improve available information for the 
stakeholders involved, as designers, architects, health personnel's in the benefit of senior population, the 1D and 3D 
anthropometric measurements database of the caregivers and old adults will be a tool that can help designers and health cares in 
the future to improve design and care services for senior people in order to improve safety and quality of life. The 3D digital 
interactive environment is still under development. Also this system could be used to interact with the caregivers as a game to 
training in order to improve the daily care services tasks. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of AHFE Conference. 
Keywords: Aging study; Caregivers; Biomechanics; 1D and 3D anthropometry 
 
 
* Corresponding author. Tel.: +552121231058; fax: +552121231001. 
E-mail address: carla.guimaraes@int.gov.br 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
5552   Carla Guimaraes et al. /  Procedia Manufacturing  3 ( 2015 )  5551 – 5556 
1. Introduction 
The elderly proportion in the Brazilian population had a general growth in the last 10 years. [4]   The percentage 
of people over 60 years increased from 8.6% in 2000 to 10.8% in 2010. In 78 cities of Brazil this portion of citizens 
already represents 20% of the total population. In this context, fall is one of the most serious consequences of aging 
process being recognized as an important public health problem due to their incidence, to health complications and 
to the high assistance cost, in order words falls are a major source of disability in older people and is highly 
associated to postural instability and home environment. This is a matter of concern with the elderly, for it can lead 
to physical handicap and loss of independence. These health and social problems have increased concern of 
government health institutions regarding the care services and products development for this population in order to 
improve quality life and security.  
Digital Human Model (DHM) is a digital human representation in the 3D space that can be moved and 
manipulated to simulate real and accurate movements of people [2] . Digital human modelling is a fast growing area 
that bridges computer-aided engineering, design, human factors, applied ergonomics and training [5] . Digital human 
modelling and simulation play an important role in product design, prototyping, manufacturing, health services and 
many other areas [3]   
The term “serious games” describes software /video games designed specifically for training and education (in 
terms of learning and practice) [1,7]. A subset of educational serious gaming focuses on training, where users need 
to acquire a specific competence or built up a particular set of skills. Serious games are designed to solve real life 
problems through environment visualization and simulation [8,9]. Technological innovations have been frequently 
implemented in attempts to enhance the learning experience. Some technology as inertial sensors, magnetometers, 
GPS and wireless technologies, or a combination of such devices can improve detailed activity information, 
occupational biomechanics and performance measures data collected in order to enrich training and technique 
evaluation [5]   
The purpose of this paper is to present a 3D digital interactive environment to work with 3D digital human 
models applied to aging study with focus on caregivers’ biomechanics analyzes and 1D and 3D anthropometry 
measurements’ from caregivers and older adults. 
 
2. 3D interactive platform framework 
 
The Ergonomics Laboratory team of the National Institute of Technology has developed "serious games" 
platforms and simulation environments applied to ergonomic work analysis and new ergonomic design. The goal of 
these simulations has been to help designers and employees to understand and implement ergonomic concepts work 
environment design. Based on these experiences we are developing the actual 3D interactive system.  
The actual system consists of basic system and modular tools described below (see Fig.1): - Analysis: Allow to 
get and to record  the "bone" and joint data graphs and the diagram of movement in 3D;  - The E-Book – consisting 
of text, images of analysis of caregivers working movements, that can be readable on computers or other electronic 
devices; - Reports and Exports: return reports with graphs and diagram for printing or saving.  Allow exporting the 
RAW data to XML or other exchange data format. The caregivers and old adults that invited to participate to this 
study are part of Center of Research and study of Elderly of Rio de Janeiro State (CEPE). The old people group will 
be selected by the CEPE Health care team.  A formal consent is being signed by caregivers and old people that agree 
to participate to the study. 
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Fig. 1. Flow chart 
3. Data acquisition 
Comprised three steps before data input in the 3D digital interactive environment: First the Caregivers and old 
people group from CEPE will be invited to be scanned in a Cyberware WBX 3D whole body scanner at Ergonomic 
Lab at National Institute of Technology and also to be take 1D and 3D anthropometric data. The 1D and 3D 
anthropometric methods that will be applied at the study follow the CAESAR research protocols [6]. (see Fig.2 a, b). 
After the process of acquiring scanning data, each scan will be treated using the process of retopology. In the second 
step the skilled caregivers was asked to select and define some working movements when manipulated elderly 
people that they consider the most difficulties and  overloading for their bodies performance. After that, their 
motions were captured using a suit with 17 inertial sensors from XSENS Technology (MOCAP). (see Fig 3)  
Finally, the data captured from MOCAP and the 3D DHM data from scanning process will be incorporated at the 
virtual platform that is being developed as an interactive 3D software using Unity 3D and other game tools. The 
visual representation of the 3DHM at the platform is being generated based on mocap data, following position and 
dimension of bone segments of the virtual body. That makes the visual representation an accurate copy of the 
original bone position and of the specific actor's movements being captured.  
 
 
 
Fig. 2. (a) 1D Traditional Anthropometry applied to Elderly; (b) 3D Anthropometry applied to Elderly 
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Fig. 3. Caregiver task motion captured using inertial sensors MOCAP 
4. Data analysis 
That platform is being developed considering the need to analyze data from different caregivers movements 
being repeated in different moments (kinematics analysis) and also with different skills (see Fig. 4 and Fig.5). These 
analysis is been done at Visual 3D software and will be incorporate at the 3D platform. The 1D and 3D 
anthropometric measurements data from caregivers and old people will be analyze with Matlab statistic’s software 
and Cloud Compare software and the database with these measures’ will be incorporate at the platform. The data 
analysis allows the kinematic data to be visualized by means of graphics. This kind of visualization makes it easy to 
analyze the data and the application to training. (see Fig. 4). 
Fig. 4. Kinematic data graphic interface. 
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5. E-Book and reports  
Those modulus complete the interactive platform - The book features an entry corresponding to the movement 
currently under analysis  and shows anthropometric data while the Report Module exports the Analysis as results to 
an exchangeable and readable data format. The overall organization of the modules of the plataform can be seen  in 
the spreadsheet. (see Fig.5)  
Fig. 5. 3D Interactive Platform Structure. 
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6. Conclusions 
The 3D digital interactive environment is still under development. Its analysis will allow to study and to improve 
caregivers performance through training and to prevent work related musculoskeletal problems. The simulation will 
assure more democratic visualization and improve available information for the stakeholders involved, as designers, 
architects, health personnel in the benefit of senior population. The 1D and 3D anthropometric database from 
caregivers and old people will be an information tool that can help designers and health care stakeholders in the 
future to improve health care services, safety and quality of life for elderly population.  
Acknowledgements 
The Ergonomic Laboratory researchers would like to thanks the sponsor : FAPERJ/CEPE – Edital Pró-idoso. 
References 
[1]  Annetta, L. A. A framework for serious educational game design - Review of General Psychology, Vol 14(3), Sep, 250, 2010 
[2]  Guimarães  C. P; Ribeiro, F ;  Cid, G.L. ; Streit, P.;  Oliveira, J., Zamberlan, M.C ;  Paranhos, A.G. and , Pastura, F. 3D Digital Platform 
development to analyze 3D digital human models. A case of study of Jiu Jitsu combat sport. Anais do 2nd International Digital Human 
Modeling Symposium, Ann Habor, Michigan. 2013 
[3]  Guimarães, C., Pastura, F., Pavard, B., Pallamin. N;. Cid, G., Santos, V., Zamberlan, M.C. Ergonomics Design Tools Based on Human Work 
Activities, 3D Human Models and Social Interaction Simulation IHC Congress. Miami. 2010 
[4]  IBGE, Pesquisa Nacional por Amostra de Domicílios 1999/2009, 2010 
[5]  James, D.A.; Thiel, D.E.; Allen, K.J.; Abell, a.; Kilbreath, S.; Davis, G.M.; Rowlands, D. and Thiel, D.V. Technology and Health: Physical 
activity monitoring in the free living environment Procedia Engineering 34, 367-372 , 2012 
[6]  Robinette, K.M., Blackwell, S., Daanen, H.A.M., Fleming, S., Boehmer, M., Brill, T., Hoeferlin, D., Burnsides, D.,. Civilian American 
      and European surface anthropometry resource (CAESAR), Final Report, Summary. vol. I. AFRL-HE-WP-TR-2002-0169, Human 
      Effectiveness Directorate, Crew System Interface Division, 2255 H Street, Wright-Patterson AFB OH 45433-7022 and SAE International, 
     400 Commonwealth Dr., Warrendale, PA 15096, 2002. 
[7]  Naumann, A. and Rötting, M.,  Digital Human Modeling for Design and Evaluation of Human-Machine Systems. In: Israel, J. H. &    
Naumann, A. (Hrsg.), MMI Interaktiv - Human: Vol. 1, No. 12. (S. 27-35). 2007 
[8]  Senevirathne, S. G;  Kodagoda,M.;  Kadle,V.; Haake , S.; Senior, T. and Heller, B. Application of serious games to sport health and exercise. 
In: Proceedings of the 6th SLIIT Research Symposium, Sri Lanka, 27 January,  2011 
[9]  Steinmetz, R. and Göbel, S. (2012) Challenges in Serious Gaming as Emerging Multimedia Technology for Education, Training, Sports and 
Health, Advances in Multimedia Modeling, Lecture Notes in Computer Science Volume 7131, p 3, 2012 . 
